In this study, antipathogenic activities of the twig essential oil and its constituents from Chamaecyparis formosensis Matsum were evaluated in vitro against six plant pathogenic fungi. The essential oil from the fresh twigs was isolated using hydrodistillation in a Clevenger-type apparatus, and characterized by GC-FID and GC-MS. Twenty-five compounds were identified, representing 98.9% of the oil. The main components were β-eudesmol (25.1%), -muurolol (21.6%), elemol (15.0%), totarol (14.9%), and α-cadinol (12.4%). The twig oil (500 g/mL) showed growth inhibitory activity against the phytopathogenic fungi, Fusarium oxysporum, Pestalotiopsis funereal, and Ganoderma austral, with antifungal indices of 92.7%, 71.1%, and 87.7%, respectively. In addition, the oil suppressed totally the growth of Rhizoctonia solani, Colletotrichum gloeosporioides, and Fusarium solani. In order to ascertain the source compounds of these antipathogenic activities, the main components were individually evaluated. -Muurolol and α-cadinol exhibited excellent activity against F. oxysporum, R. solani, C. gloeosporioides, and F. solani, with IC 50 < 50 g/mL. These compounds also efficiently inhibited the mycelial growths of P. funereal and G. austral. Thus, α-cadinol and -muurolol could be considered as potential natural fungicides for controlling fungal pathogens and worth.
There are a multitude of plant pathogens, such as fungi, bacteria, nematodes and viruses that can cause disease or damage of plants [1, 2] . Pathogenic fungi cause yield losses in numerous economically important crops [3] . According to Oreke et al. [4] and Agrios [5] , the pre-and post-harvest losses due to fungal disease in world crops production may amount to more than 12% in developing countries. The damping off pathogens (Fusarium oxysporum, Rhizoctonia solani), leaf spot pathogens (Pestalotiopsis funereal, Colletotrichum gloeosporioides) and root rot pathogens (Ganoderma austral, Fusarium solani) are well-known important plant pests [6] [7] [8] [9] . In recent years, fungicides used in chemical mediation of plant diseases are mostly synthetic. Although highly effective in controlling postharvest diseases in various vegetables, fruits and trees, overuse of the chemicals can lead to drugresistance, danger of chemical residues on food, and are generally harmful to both ecology and human health [10] [11] [12] . Increasing recognition of the importance of fungal infections, and the difficulties encountered in their treatment has stimulated the search for alternatives to synthetic chemical fungicides. As a consequence, fungicides derived from plants, or agro-chemicals, that offer protection to a "green" food production system have received the attention of many scientists. Certain of these natural chemicals, for example, essential oils, are present in varying amounts in different plant tissues. The components of essential oils have low molecular weights, are volatile at room temperature, and possess strong fragrances or odors. Recent studies indicated that essential oils are safe [13] , and with antibacterial and antifungal activities [8] . Our research team has proven on numerous occasions the antifungal efficacies of various essential oils [14] [15] [16] .
Chamaecyparis formosensis Matsum (Cupressaceae) is one of the five most valuable conifers in Taiwan [17] . Previous studies have reported the composition of the root, bark, wood, heartwood, cone, and leaf essential oils of C. formosensis [18] [19] [20] . A few reports noted that C. formosensis wood essential oil had antifungal and insecticidal activities [21] [22] . No prior study has investigated the chemical composition and biological activity of the twig essential oil of C. formosensis. Therefore, the aim of the present study was (a) to examine the chemical composition of the essential oil isolated from the twigs of C. formosensis by GC-FID and GC-MS; (b) to evaluate the antipathogenic activity of this essential oil against certain important phytopathogens.
Hydrodistillation of C. formosensis twigs gave a dark-yellow oil with a yield of 1.21 ± 0.02 mL/100 g, based on the dry weight of twigs. The identified constituents are presented in Table 1 , where all compounds are listed in order of their elution from the DB-5 column. Twenty-five compounds were identified (Table 1) , representing 98.9% of the oil. Among the groups, oxygenated sesquiterpenes were predominant (80.0%), followed by diterpenes (16.8%), sesquiterpene hydrocarbons (1.6%), and oxygenated monoterpenes (0.5%). Among the oxygenated sesquiterpenes, β-eudesmol (25.1%), -muurolol (21.6%), elemol (15.0%) and α-cadinol (12.4%) were the major compounds, and of the diterpenes, totarol (14.9%) was the chief component.
In order to test the antipathogenic activities of the twig essential oil, it was mixed in PDA medium for conducting bioassays. The plant pathogenic fungi tested were 2 seedling pathogens, Fusarium oxysporum (F.o.), and Rhizoctonia solani (R.s.); 2 leaf pathogens Pestalotiopsis funereal (P.f.), and Colletotrichum gloeosporioides (C.g.); and 2 root and stem pathogens Ganoderma austral (G.a.), and Fusarium solani (F.s.). Figure 1 shows the antifungal indices of C. formosensis twig oil (at a concentration of 500 μg/mL) against plant pathogenic fungi. At this concentration, the antifungal indices of the twig oil against damping-off pathogens, F.o. and R.s. were 92.7% and 100%, respectively. As for the leaf pathogens, P.f. and C.g., the antifungal indices of the twig oil were71.0% and NPC Natural Product Communications The results obtained showed that the twig oil had excellent antifungal activities with values > 71.0%, and suppressed totally the growth of R.s., C.g. and F.s.. [14, 16] .
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Natural Product Communications Vol. 7 (7) 2012 935 Component identification: Identification of the leaf essential oil constituents was based on comparisons of retention index (RI) [28] , retention times (RT), and mass spectra with those obtained from authentic standards and/or the NIST and Wiley libraries spectra, and literature [23, 28] . The method of Lee et al. [29] was adopted. Essential oil concentration (500 g/mL) and different concentrations of main compounds (0-250 g/mL) were added to sterilized potato dextrose agar (PDA) in 9 cm Petri dishes. After transferring the mycelium of one fungus strain, the testing dishes were incubated at 27 o C and 70% relative humidity. When the mycelium reached the edge of the control plate, the anti fungal index was calculated as follows:
Antifungal index (%) = (1-Da/Db) x 100
where Da is the diameter of the growth zone in the experimental dish (cm) and Db is the diameter of the growth zone in the control dish (cm).
Each test was repeated 5 times and the data were averaged. The IC 50 values (the concentration in mg per mL that inhibited 50% of mycelium growth) were calculated by a probit analysis.
